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Motivation
We propose a novel method for automatic module extrac-
tion from protein-protein interaction networks. While
most previous approaches for module discovery are based
on graph partitioning [1], our algorithm can efficiently
enumerate all densely connected modules in the network.
As currently available interaction data are incomplete, this
is a meaningful generalization of clique search techniques
[2]. In comparison with partitioning methods, the
approach has the following advantages: the user can spec-
ify a minimum density for the outcoming modules and
has the guarantee that all modules that satisfy this crite-
rion are discovered. Moreover, it provides a natural way to
detect overlapping modules. Many proteins are not stead-
ily present in the cell, but are specifically expressed in
dependence of cell type, environmental conditions, and
developmental state. Therefore we introduce an addi-
tional constraint for modules which accounts for differen-
tial expression.
Results
We analysed human interaction data from MINT, Intact,
HPRD, and DIP in the context of tissue-specific gene
expression data in human provided by Su et al. [3]. We
discretized the expression information into binary states
(expressed versus not expressed) and searched for densely
connected modules where all proteins are expressed in at
least 3 tissues and all proteins are not expressed in at least
10 tissues. To deal with the fact that protein interaction
data contain a high number of false positives, we com-
puted reliability scores for each experimental source. Sim-
ilarly to the work by Jansen et al. [4], we used for that
purpose a gold standard set of known interactions as well
as a gold standard set of false interactions and calculated
the likelihood ratio, which was used to assign edge
weights to the interaction graph. The density of a module
is defined as the sum of the edge weights inside the mod-
ule divided by the maximal possible weight sum for a
module of that size.
Setting the minimum density threshold to 35% and
removing modules that are totally contained in other
modules, we obtained a set of 949 differentially expressed
modules. They were ranked in descending order according
to the average weight per node (see [5]), so larger and
denser modules appear first. On the one hand, we discov-
ered known complexes and modules that link strongly
cooperating complexes like MCM and ORC. On the other
hand, we found extensions of known complexes that con-
firm hypothetical functional annotation in Uniprot as
well as modules which are not contained in the manually
curated set of known complexes, but share the same func-
from Third International Society for Computational Biology (ISCB) Student Council Symposium at the Fifteenth Annual International Conference on Intel-
ligent Systems for Molecular Biology (ISMB)
Vienna, Austria. 21 July 2007
Published: 20 November 2007
BMC Bioinformatics 2007, 8(Suppl 8):S4 doi:10.1186/1471-2105-8-S8-S4
<supplement> <title> <p>Highlights from the Third International Society for Computational Biology (ISCB) Student Council Symposium at the Fifteenth Annual International Conference on Intelligent Systems for Molecular Biology (ISMB)</p> </title> <editor>Nils Gehlenborg, Manuel Corpas and Sarath Chandra Janga</editor> <sponsor> <note>The organizing committee would like to thank the International Biowiki Contest funded by the Korean Bioinformation Center (KOBIC) and the Institute for Systems Biology for financial contributions that made the publication of these highlights possible.</note> </sponsor> <note>M eting abstracts – A singl PDF co tai ing all abstracts in this Supplement is available <a href="http://www.biomedcentral.com/content/pdf/1471-2105-8-S8-full.pdf">h re</a></note> <url>http://www.biomedcentral.com/content/pdf/1471-2105-8-S8-info.pdf</url> </supplement>
This abstract is available from: http://www.biomedcentral.com/1471-2105/8/S8/S4
© 2007 Georgii et al; licensee BioMed Central Ltd. Page 1 of 2
(page number not for citation purposes)
BMC Bioinformatics 2007, 8(Suppl 8):S4 http://www.biomedcentral.com/1471-2105/8/S8/S4Publish with BioMed Central   and  every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
tional annotation. Finally, some modules are candidates
for further biological investigation, containing proteins
with unknown functional relationships.
Conclusion
We developed a general method for exhaustive dense
module extraction from networks. Remarkably, it allows
to determine exact P-values for the predicted modules
without having to rely on any network model and can eas-
ily integrate information from different heterogeneous
data sources.
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